Abstract. With the development of genome sequencing more whole genomes of microorganisms were completed, many methods were introduced to reconstruct the phylogenetic tree of those microorganisms with the information extracted from the whole genomes through various ways of transforming or mapping the whole genome sequences into other forms which can describe the evolutionary distance in a new way. We think it might be possible that there exists information buried in the whole genome transferred along lineage, which remains stable and is more essential than sequence conservation of individual genes or the arrangement of some genes of a selected set. We need to find one measurement that can involve as many phylogenetic features as possible that are beyond the genome sequence itself. We converted each genome sequence of the microorganisms into another linear sequence to represent the functional structure of the sequence, and we used a new information function to calculate the discrepancy of sequences and to get one distance matrix of the genomes, and built one phylogenetic tree with a neighbor joining method. The resulting tree shows that the major lineages are consistent with the result based on their 16srRNA sequences. Our method discovered one phylogenetic feature derived from the genome sequences and the encoded genes that can rebuild the phylogenetic tree correctly. The mapping of one genome sequence to its new form representing the relative positions of the functional genes provides a new way to measure the phylogenetic relationships, and with the more specific classification of gene functions the result could be more sensitive.
Introduction
Traditional methods use sequence alignment to determine the phylogenetic relationships of microorganisms. Some universally conserved nucleic acid (in particular the small subunit rRNA gene) or protein sequences were analysed based on point mutations. However, the horizontal transfer of genes from one species to another resulted in different independent phylogenetic trees with each gene. In particular, misallignment and the variance in sequence length can also can lead to phylogenetic trees with the wrong topology. So it is interesting to find other useful measurements which can describe the history of the species more accurately.
Availability of complete nucleotide sequence of microorganisms suggests the possibility of inferring useful information to rebuild the phylogenetic trees. There have been a number of studies focusing on the analysis of information extracted in different ways via different methods from the whole genome sequence. Berenet described a distance-based phylogeny constructed on the basis of gene content of 13 completely sequenced genomes of unicellular species, by counting the numbers of the orthologous genes that each genome has in common and by defining the evolutionay distance as the acquisition and loss of genes, they got a tree correlate with the standard reference of prokarytic phylogeny based on sequence similarity of 16srRNA [1] . David used the complete mitochondrial sequences and constructed the 16 mitochondrial gene orders, by analysing the distance of this genes arrangement order they infered the phylogenetic distances among the microorganisms, also their results generally agree with evolutionary relationships inffered from gene sequences [2] . Sorel selected 11 complete genomes of free-living microorganisms and reconstructed the evolutionary relationships of them by the observed presence and absence of families of protein-coding genes [3] . Their research shows that there is a strong signal within the genomes reflecting the evolutionary histories of the organisms.
These studies are in contrast to the traditional notions that a robust phylogenetic reconstruction of microorganisms is impossible due to their genomes being composed of an incomprehensible amalgam of genes with complicated histories, actually there exists in the sequence of the whole genome different kinds of information, the problem is to use an efficient method to get them out.
In this paper, we propose a new method to compare whole genomes, each genome sequence is mapping to a new sequence composed of functional code for each gene, so the comparison will concentrate on how each gene of different function is arranged, then we calculate the discrepancy for each genome pair, and the resulting tree gives a very interesting result.
Materials and Methods

DATA PREPARATION
All the data we used in this analysis were obtained from genebank database directly, 32 completely sequenced organisms were used in this work, including 24 Bacteria and 8 Archaea (Table 1) .
GENE'S FUNCTIONAL ARRANGMENT ORDER SEQUENCE ACQUISITION
We extracted the coding sequence in each genome, recording their position coordinates, and assigned each CDS (coding sequence) one function code by analysing the original annotation information, also we did a sequence homology search } is a set of sequences formed from the symbol set . We denote the set of all different sequences formed from with length l by l ; then the number m(l) of all sequences of l equals m l . For a sequence S k ∈ S, let L k be its length and n l ik denote the number of subsequences in S k with a step-length of 1, which match the i-th sequence of l , l≤L k . It is easy to see that
Thus, for each sequence S k , we can get a unique set of distributions (U
. This set contains all primary information of a sequence: in particular, U L k k uniquely determines the original sequence, so we call this set a complete information set of the sequence S k .
A function of measuring of information discrepancy has been introduced (abbreviated as FDOD) [7, 8] . To develop a discrepancy measure of sequences, a measure based on the FDOD function [9] is as follows:
where 0 · log 0 0 is defined as 0 as in the Kullback-Liebler entropy [10] ; s denotes the number of the sequences; l denotes the window size. The FDOD function is characterized by a axiom set similar to Shannon's axioms: non-negativity, symmetry, continuity, identity and symmetric recursiveness. For s distributions (s ≥ 2), this FDOD function also has the following properties: boundedness, maximum, convexity, monotonicity, and so on. Meanwhile, it's easy to see that, using this measure, the maximum discrepancy between any two sequences is less than or equal to 1, while the minimum one is equal to 0.
Results and Discussion
We convert the discrepancies for each 'sequence' pair to a matrix, and apply the neighbor joining method to draw the phylogenic tree [6] (Figure 1 ). The resulting tree has many interesting features, the two major lineages of cellular life, the Archaea and the Bacteria are separated, the seven archaeas formed one monophyletic branch, in this branch the phor and paby cluster together, the mthe and mjan come together. In the bacterial branch the chlamydiae (ctra,cpne), and the 'low G+C' Gram positive bacterial (mpne,mgen) are monophyletic. This indicates that during the process of evolution the arrangement of genes of different functional categories remains a kind of conservation, from Archae to Bacterial there is a clear boundary, and among the Archae the sub-branch correlates well with the results based on their 16srRNA sequences. In the Bacterial, except for several closely related species, the conservation between species is not very clear, this might be caused by genome segment translocation or horizontal gene transfer.
To justify whether our method exactly extracts the information of the order, we used the multi-sequence alignment to make the distance matrix of the 32 genomes, the resulting phylogeny is very poor in giving the exact topology, this confirms that the information we draw out with the FDOD function is unique, buried in each distinct genome sequence which cannot be discovered with sequence alignment. In this analysis we only use the 16 functional classes to define each gene, if we can get more specific classfication of the genes, then we might have a larger set of characters to transform the genome sequence and therefore the result tree should be capable to resolve deeper branches of the phylogeny tree.
